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risk comes from filtering maneuvers by powered two-wheelers. Practical Applications effective: Possible countermeasures deal with the urban street layout. Measures consisting in reducing the width and the number of traffic lanes to a strict minimum and installing medians or pedestrian islands, could be an effective way for the prevention of urban accidents between pedestrians and powered two-wheelers.
1.INTRODUCTION
For the last fifteen years or so, the use of motorcycles, scooters and mopeds, collectively termed powered two-wheelers, has increased sharply in Europe, notably in large, congested metropolitan areas (European Commission, 2013) . In France, the increase in the number of powered two-wheelers 1 in traffic in major urban areas has been accompanied by a stagnation in automobile use (collective work, 2010) . Is this increase in the number of powered twowheelers in traffic good news for pedestrian safety? To find out, one prerequisite would be to understand the risk of accidents between pedestrians and powered two-wheelers. But our understanding is inadequate in this area. Indeed, other than the Paulozzi study (2005) which found that, in the United States, the risk per kilometer driven in towns by powered twowheeler drivers of fatally injuring a pedestrian is 2.02 times (95% confidence interval: 1.23; 3.30) higher than the risk for automobile drivers; no other scientific studies have dealt with this question as far as we know. In France, we know the number of bodily injury accidents between pedestrians and powered two-wheelers recorded by the police each year and the number of pedestrians injured and killed. For the year 2011, 1,636 bodily injury accidents involving a pedestrian and a powered two-wheeler were recorded, or 13.6% of the pedestrian accidents recorded. Thirty-four pedestrians were killed in these accidents, or 6.6% of pedestrians killed (ONISR, 2012). If we compare these proportions with the share that powered two-wheelers represent in traffic, which is approximately 2% according to the French national transport accounts (CGDD, 2012) , this suggests that, in France as well, powered two-wheeler users have a greater chance of hitting and injuring a pedestrian than do automobile drivers per kilometer driven. But is this trend verified in large urban areas where powered two-wheelers are significantly more numerous 2 and where pedestrians no doubt expect to interact with them more? And if this is confirmed overall for all powered twowheelers, does it also hold true for each category of powered two-wheelers (mopeds, light motorcycles and heavy motorcycles). The study reported on in this paper aimed at answering these questions. More precisely, the main hypothesis that we are seeking to validate or invalidate is that of an increased risk among powered two-wheeler drivers of hitting and injuring a pedestrian in the center of large urban areas compared with automobile drivers.
2.DATA AND METHOD
The study carried out concerns nine roads located in the center of Marseille. With more than 1.5 million inhabitants, Marseille is the second largest urban area in France after Paris in terms of the number of inhabitants. Located in the south of the country on the Mediterranean 1 In France, powered two-wheelers are separated into three main administrative categories: (i) mopeds, with engines under 50 cm 3 and whose construction limits their speed to 45 km/h. They can be driven from the age of 14. In this category; scooters are the majority although traditional pedal mopeds and a few trail and sport mopeds with gearboxes can be found in traffic as well; (ii) light motorcycles, with engines greater than 50 cm 3 and less than 125 cm 3 . They can be driven with an automobile driver's license under certain conditions. Here again, scooters account for a very large share of these. There are, however, different basic, trail and sport models on the market (iii) heavy motorcycles, with engines greater than 125 cm 3 , which require a motorcycle license. This category includes the following seven types: basic, roadster, touring, sport, trail, custom and scooter. coast, it has a long history of high powered two-wheeler use. For the most part, the roads studied are main roads in the city of Marseille's road network. They have a certain number of features in common such as the presence of several lanes in the same direction, crossroads that generally have traffic lights and the existence of bus lanes in at least one traffic direction.
For each of the nine roads, we have estimated the risk for powered two-wheelers of hitting and injuring a pedestrian in 2011. To do this, we compared the number of powered twowheelers that hit and injured a pedestrian to the number of powered twowheelers x kilometers exposed to this risk (number of powered two-wheelers that drove on the road in 2011 multiplied by the length of the road). The same approach was adopted for drivers of four-wheeled vehicles in order to estimate their risk of hitting and injuring a pedestrian per kilometer driven. Four-wheeled vehicles include passenger cars, light-duty trucks and heavy trucks 3 . We then expressed the relationship between these rates in the form of a relative risk to obtain an estimation of the increased risk or reduced risk for powered twowheelers of hitting and injuring a pedestrian compared with four-wheeled vehicles. Lastly, an overall relative risk and its 95% confidence interval were calculated for all the roads by undertaking a meta-analysis. For this, we based our work on the method described in Elvik and Vaa (2004) . We should point out that the investigations covered weekdays (Mondays to Saturdays, excluding public holidays) during daytime hours (from 6.00 am to 10.00 pm).
The accident data we used came from the reports drawn up by the police in 2011 concerning bodily injury accidents 4 . The data on road traffic were transmitted to us by the direction Marseille Provence Métropole's Direction Gestion des Equipements de Trafic (Traffic Equipment Management Division). This service centralizes the traffic data gathered by the inductive loop traffic counters set up on the road network in the city of Marseille. As powered two-wheelers are not distinguished from four-wheeled vehicles in these counts, we undertook a campaign of powered two-wheeler traffic observation in order to estimate the share that they represent in overall traffic. Fifty-two hours of observations were carried out on the nine roads with random distribution throughout the entire year of 2011. Each sequence of observations lasted one hour and was carried out by a team of two investigators positioned on the sidewalk. These observations showed that, on the nine roads, powered two-wheelers on average account for 16.3% of the road traffic. Mopeds (with engines under 50 cm 3 ), light motorcycles (with engines under 125 cm 3 ) and heavy motorcycles (engines greater than 125 cm 3 ) represent 20%, 48% and 32% of this traffic, respectively (for further details on the observation method and the results, see the bibliographical reference for Michel, Fournier and Clabaux (2013) .
We have access to the hourly road traffic on each of these roads for the years 2007, 2008, 2009 and 2010, as well as the precise locations of the pedestrian accidents; the same approach was adopted, this time cumulating the years 2007, 2008, 2009, 2010 and 2011 . We should point out that these additional investigations were based on the hypothesis that the share of powered two-wheelers in traffic did not change between the 2007-2010 period and 2011, since we did not carry out observations of powered two-wheeler traffic in 2007, 2008, 2009 and 2010 . This hypothesis appears acceptable to us 5 . Taking these additional four years into 3 We should point out, however, that in the city centre of Marseille, light-duty trucks (motor vehicle having a gross vehicle weight of up to 3.500 kg) and heavy trucks (motor vehicle having a gross vehicle weight exceeding 3.500 kg) are very much in the minority compared with passenger cars. 4 In France, a bodily injury traffic accident is defined as an accident involving at least one vehicle that takes place on a road open to traffic and leads to at least one victim (ONISR, 2012) . 5 We feel that this hypothesis is acceptable insofar as, according to the Commissariat Général au Développement Durable (CGDD, 2012), the average annual growth rate for powered two-wheelers in road traffic for the 2007-2011 period was 2.1% (see CGDD, 2012, p.61) . Indeed, this share grew the most up to the year 2007 (ibid.). account should enable us to consolidate the results obtained for the year 2011. It should also enable us to detect a trend for the various categories of powered two-wheelers.
3.RESULTS
In 2011, on the nine roads studied, 11 powered two-wheelers and 19 four-wheeled vehicles (including 17 automobiles) hit and injured a pedestrian. Table 1 presents the number of vehicles that hit and injured a pedestrian for each road, the annual exposure of two-wheelers and four-wheeled vehicles on each road (expressed in vehicles x kilometers), the estimated relative risk and the 95% confidence interval. The meta-analysis of the results obtained individually on each road gives an overall relative rate of 3.33 with a 95% confidence interval of [1.63; 6.78]. The test of heterogeneity performed 6 does not make it possible to conclude that the results are heterogeneous for the different roads, since Q=3.61 and p=0.89. According to these results, on the nine roads studied in 2011, powered two-wheeler drivers had a risk of hitting and injuring a pedestrian that, on average, was 3.33 times greater than for four-wheeled vehicle drivers. This result nonetheless remains fragile given the small number of accidents recorded on each road (see Table 1 ). Taking four additional years into account should enable us to specify this increased risk and to tighten the confidence interval. Table 2 presents the number of vehicles that hit and injured a pedestrian on each road during the 2007-2011 period, the exposure of two-wheelers and four-wheeled vehicles during those five years, the estimated relative risk and the 95% confidence interval. It appears that powered two-wheelers' risk of hitting a pedestrian is greater than that of fourwheeled vehicles on the nine roads studied (see Table 2 ). The lower bound of the confidence interval is greater than 1 on five of the nine roads. The results of the meta-analysis give an average relative risk of 3.06 with a tighter 95% confidence interval between 2.26 and 4.14.
Here again, the test of heterogeneity does not make it possible to conclude that the results are heterogeneous between the roads (Q=2.63 ; p=0.96). According to these results, powered two-wheeler users have, on average, three times the risk (3.06 times more) of hitting and injuring a pedestrian per kilometer driven than four-wheeled vehicle drivers. This result is statistically significant at a 0.05 threshold. The initial hypothesis is validated. When four-wheeled vehicles are limited to passenger cars, the relative risk is similar: powered two-wheeler users have 3.12 times (95% CI [2.29 ; 4.24]) more of a risk of hitting and injuring a pedestrian than passenger car drivers. It was not possible to make any comparison with the risk of light-duty truck and heavy truck drivers due to the extremely small number of light-duty trucks and heavy trucks having hit a pedestrian during the period studied. Among the different categories of powered two-wheelers, mopeds users are those with the highest risk, as it is 6,04 times higher (95% IC [3.88 ; 9.41]) than for automobile drivers (see Table 3 ). Light motorcycle drivers have a lower risk, as on average for the nine roads it is 2.73 time greater than for automobile drivers (95% IC [1.75 ; 4.26] . The risk for heavy motorcycle users is slightly higher: 2.91 with a 95% confidence interval of [1.80; 4.72] . We should point out that the tests of heterogeneity carried out made it possible to conclude that there is no heterogeneity in the results between the roads for the three categories of powered two-wheelers. Thus, the risk for mopeds users is 2.06 time greater than for light motorcycle users (95% IC [1.10 ; 3.86] and 1.86 time greater than for heavy motorcycle users (95% IC [1.00 ; 3.43]. No significant difference was observed between light motorcycle drivers and heavy motorcycle drivers. 
TABLE 1 Number of powered two-wheelers and powered four-wheelers having hit and injured a pedestrian on each road in 2011, number of kilometers driven by two-wheelers and four-wheeled vehicles on each road in 2011, estimated relative risks and 95% confidence interval

4.DISCUSSION AND CONCLUSION
Although they would need to be consolidated by taking into account a larger number and a wider variety of roads, the results presented here show that powered two-wheeler users in the city center of Marseille run a risk of hitting and injuring a pedestrian that is nearly three times greater (3.06 times greater) than for four-wheeled vehicle drivers. These results are consistent with those found by Paulozzi (2005), who showed that, in the United States, powered twowheeler drivers have a risk of fatally injuring a pedestrian per kilometer driven in towns that is 2.02 times greater than for car drivers. The exposure data that we use here are much more precise, however, as they are based on a campaign of observations of powered two-wheeler traffic on the same roads as those for which the accident data were gathered. Paulozzi (2005) used information on vehicle miles traveled by motorcycles from the highway statistics of the US Department of Transportation's Federal Highway Administration. Furthermore, the number of accidents involving powered two-wheelers was not enough to estimate the risk of collision for each powered two-wheeler category. The risk obtained is thus an average risk for all powered two-wheeler categories taken together: mopeds, scooters, off-road motorcycles and other two and three-wheeled motorized vehicles (Paulozzi, 2005, page 232 ).
Concerning the reasons for the increased risk, the in-depth analysis of three years (years 2006, 2007 and 2008) of accident reports drawn up by the police on the nine roads studied 7 for accidents involving a pedestrian and a powered two-wheeler during weekdays and daytime hours -36 cases 8suggests that part of this increased risk could be related to the atypical character of certain powered two-wheeler trajectories. This notably includes filtering forward by using the left-hand edge of the carriageway (8 cases out of 36) and filtering forward between cars -lane splitting (2 cases out of 36). These trajectories, which are specific to powered two-wheelers and are forbidden in France, could make them harder to see because they are hidden by the vehicles they are overtaking and are unpredictable because they thwart the common information-gathering strategies adopted by pedestrians. It should be pointed out that other cases involve trajectories that are not unique to powered two-wheelers, but which they adopt more often than four-wheeled vehicles. This concerns filtering forward by driving in a free traffic lane directly adjacent to the lane of stopped vehicles, whether to the right or to the left of the stopped lane (7 cases out of 36) or driving in a bus lane 9 -7 cases out of 36, including 4 cases of filtering forward. In the end, 21 cases out of 36 involved a powered twowheeler that was filtering forward at the time of the accident. In four other cases, it is probable but not certain. In terms of prevention, this suggests that any measure that could reduce filtering by powered two-wheelers, could have the effect of reducing the increased risk of collision between powered two-wheelers and pedestrians. One possible strategy deals with the urban street layout. A study of accident sites suggests that measures consisting in reducing the width and number of traffic lanes to a strict minimum and installing medians or pedestrian islands between the lanes traveling in opposite directions probably could have the effect of reducing fast filtering forward and lane splitting maneuvers by powered two-wheelers due to the reduced space available for performing them. These layouts have positive effects on the risk of pedestrian injuries for all types of vehicles taken together (Elvik and Vaa, 2004) . As far as we know, however, there are no assessment studies that show the beneficial effects on the increased risk specific to collisions between pedestrians and powered two wheelers. Concerning the even greater increased risk among moped users of hitting a pedestrian compared with the other categories of powered two-wheelers, it is probable that this increased risk comes at least in part from the various risk factors already well identified in the scientific literature, such as young age (Kopjar, 1999; Aare and Holst, 2003; Lardelli-Claret et al., 2005;  Moskal, Martin and Laumon, 2012), inexperience (Yannis, Golias and Papadimitriou, 2005; SWOV, 2006; Blackman and Haworth, 2013) , a greater tendency to intentionally break certain traffic rules (Van Elslande and Marechal, 2008; Steg and Van Brussel, 2009; Wang et al., 2012) and, more generally, to take risks (ECMT, 2000; Yannis, Golias and Papadimitriou, 2005; Brandau et al., 2011) . For example, based on 94 in-depth inquiries into accident cases involving young moped drivers, Van Elslande and Marechal (2008) found that intentional violation of a safety rule occurs in nearly one in five cases whereas it is only seen in 5% of all cases in the general population. Moreover, it's also possible that the higher maneuverability of mopeds in comparison with motorcycles (smaller and lighter vehicles) encourage to perform more frequently risky manoeuvres like weaving through traffic or filtering. Nonetheless, further analyses covering a wider sampling of cases would be needed to confirm the influence of these different aspects in accidents involving pedestrians. Consistent with the results of Paulozzi (2005), our study thus supports the idea that there appears to be problems in the interactions between pedestrians and powered two-wheeler users, notably in urban areas. There is a risk that these problems will grow in the coming years, not only in developed countries where powered two-wheelers are the subject of renewed interest (Haworth, 2012) , but alsoand especiallyin low and medium-income countries where powered two-wheelers already account for a large share of the vehicles on the road (respectively 30 % and 46 % of road motor vehicles according to Nishitateno and Burke, 2014) and where access to vehicle ownership is notably achieved through powered twowheelers. In these countries, pedestrians and powered two-wheeler users already account for nearly half of all victims (WHO, 2009 ). This situation gives rise to an urgent need for research in this field to gain a better understanding of the reasons for this increased risk and thus to be able to define effective preventive measures.
